Introduction
The usual method of forecasting the population of cities and countries is the cohort analysis (Wunsch and Termote, (1978) ). However, applying this method to growing cities and new towns, where a relatively large part of the population growth is due to immigration, one faces the problem of how to forecast the future number and age distribution of the migrants, as the forecast of the future population size and age distribution heavily depends upon the present and future migration, especially if the forecast period is long. In this paper we therefore propose an alternative and practical approach to long term population forecasting on the city level based on an econometric model, which does not need explicit forecasts of future migration. This approach is appropriate if the city growth is planned in the sense that the number and type of houses to be built will be decided by the municipal authorities (which is common practice in the Netherlands). Our approach is based on a six-equation regression model relating the number of inhabitants in each of six age groups, relative to the total stock of dwellings, to the age distribution of the stock of dwellings, the share of owner occupied dwellings, the proportion of dwellings in apartments, the mean size of the dwellings and the mean income per income earner. The parameters of this model have been estimated using cross-sectional data of 131 Dutch cities and villages. The idea behind the model is that it represents an equilibrium in the housing-market. In particular it is assumed that the age-distribution and size of households determine their demand for housing, so that when the housing-market is in equilibrium the exogenous supply of various types of dwellings matches the types of households for which these dwellings are suitable.
We shall also report on a long term forecasting experiment. On the basis of the size and age distribution of the population and various characteristics of the stock of dwellings in 1971, and detailed information on house-building in the period [1971] [1972] [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] , in the city of Huizen, annual population forecasts up to 1980 were made. These forecasts prove to be reasonably close to the actual values.
In section 2 the model and the estimation results are described. In section 3 we show how the model can be used for forecasting future population size and age distribution and moreover we present there the above mentioned forecasting experiment for Huizen. Finally in the appendix the estimation procedure and the results of a specification test are described.
The Model
In constructing the model we used 1977 data for 131 Dutch cities and villages with population sizes ranging from 2,200 to 739,000. The majority of these cities and villages, i.e. 80 per cent, had a population size of less than 70,000. The variables considered are listed in Tables 1 and 2 below.
The choice of the explanatory variables in Table 2 is based on the following considerations:
Young families are often not in the position to buy a house. Only after some years when family income has increased sufficiently can they afford to buy one. Thus families living in an owner occupied dwelling will probably be more established than families living in a rented dwelling, and therefore we may expect that their children will be somewhat older. Families with children usually prefer to live in a one family house. Therefore we may expect to find fewer children in apartments than in one family houses, ceteris paribus.
It is obvious that one will find more children in large dwellings than in smaller ones and that wealthy people usually live in a larger dwelling than less wealthy people. Thus given the size of the dwelling one will find less children the wealthier the residents are, and given the wealth of the residents one will find more children the larger the dwellings are.
The age distribution of the total stock of dwellings represented by the variables x 5 to x 9 corresponds with the age distribution of the residents in that the families grow older together with the dwelling in which they live. This is, of course, not a causal relationship but merely a distinct parallelism.
Apart from the direct impact of the variables x 1 to x 9 on each of the dependent variables yi there may be AND ROY HOEVER some mutual effects between the dependent variables. For instance the variables yl to Y4 will be related to y5 since children generally belong to families with two parents in the age group 20-64 year. Moreover, the number of young children is negatively correlated with the number of elderly.
In view of the above considerations we specify our model as a linear simultaneous equation system, i.e.
y= By+ Fx + c5 +p (1) where y is a six component vector of dependent variables, x is a nine component vector of the variables x t to x 9, B is a 6 x 6 matrix of coefficients representing the mutual relationships between the dependent variables, F is a 6 x 9 matrix of coefficients representing the direct impact of the explanatory variables on the dependent variables, 6 is a six component vector of constant terms and/z is a six component vector of disturbances with zero mean vector and finite covariance matrix. Assuming that the matrix I-B (where I is the identity matrix) is nonsingular we can write the reduced form of (1) Thus each equation of the system (2) has the form
I=1
The reduced form coefficients cj. i (l = 0, 1, . ...... 9; i = 1 ........ 6) have been estimated by using the robust M-estimation method of Bierens (1981, Section 3.2) .
[See also the appendix]. The results are reported in Table 3 below. The numbers in brackets are the standard errors of the coefficients involved. R 2 is the multiple correlation coefficient. The statistic b 2 is the estimate of variance of the error v i and F (9, 121) is the F-statistic with 9 and 121 degrees of freedom corresponding with the test of the hypothesis that the regression coefficients c 1 to c 9 are all zero. In all cases this hypothesis is rejected at a significance level of less than one per cent. We also applied a specification test,
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namely test one of Bierens (1982) . The null hypothesis to be tested is that the reduced form responses represent the mathematical expectations of the dependent variables conditional on the regressors. It is well-known that if this null hypothesis is true the reduced form model is merely the forecasting scheme which minimizes the forecast error variance. In other words: the forecasts obtained from the reduced form model involved are optimal with respect to a quadratic loss function. Consequently there is no need to estimate the structural model (1) as this model cannot give better forecasts than the reduced form model (3). For all six equations the null hypotheses involved could not be rejected, hence the data provide evidence that the reduced form model (3) is indeed the optimal forecasting scheme.
Since the results in Table 3 involve reduced form coefficients, it is difficult, if not impossible, to interpret the relative magnitude and the signs of these coefficients, as they not only represent the direct impact of the variables xl to x 9 but also the intercorrelation among the dependent variables. The plausibility of the model should therefore not be judged by interpreting the estimation results but by its forecasting power.
Forecasting
In order to use this model for forecasting the population and age distribution of a particular city over a certain period we need the values of the explanatory variables x~ to x 9 for each year of this period. Most of the Dutch cities keep statistics of their stock of dwellings, and since city growth in the Netherlands is planned by the municipal authorities sufficient data on the future stock of dwellings are also available. The only problem is to predict the future values of the variable x4, the mean income (in constant prices) per income earner. In practical applications of our model (Bierens et al. (1982a (Bierens et al. ( , 1982b (Bierens et al. ( , 1983 ) we have always assumed that the impact of this variable will not vary much in time, hence that we may treat this variable as a constant term. Now suppose we want to forecast the population and age distribution over the period [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] , say, in a particular city and that 1981 is the last year for which the actual values of the dependent variables are available. We may then shift the constant term AND ROY HOEVER (including the terms c4, x4) of the model such that the model fits perfectly for 1981. Fixing these constant terms on their new level we then plug in the values of the explanatory variables x I to x 3 and x5 to x9 for each year of the forecasting period involved to obtain 'raw' forecasts. Obviously these raw forecasts do not take into account the possibility of a change of the birth rate. Since the birth rate is changing over time we have to make some adjustment. The correction procedure we have applied is the following. Let b(t) be the forecast of the birth rate in year t. The raw forecast of the variable Yi for, say, 1985 is now corrected by multiplying it by Z b(j) j=to-20 As a test of the predictive ability of our model we applied the above procedure to a medium size Dutch city, namely Huizen. On the basis of the actual situation in 1971 we predicted the population size in the six age groups over the period 1972-1980 and we Row 1 = actual number of inhabitants Row 2 = forecast Row 3 = percentage forecast error. compared these predictions with the corresponding actual data. The results are given in Table 4 . The birth rate sequence we used to correct the raw forecasts covered the number of live birth per 1000 women in the age group 15-49 years in the Netherlands, as reported by the Central Bureau of Statistics (CBS (1976) ). It would be better, of course, to use the birth rate in Huizen itself, but this series was not available. Nevertheless the forecasting results provide evidence that our econometric approach is a useful alternative to cohort analysis.
Furthermore we apply another correction to the raw forecasts to take into account a social change in the Netherlands. In the beginning of the 1970s it was still not uncommon for maids, servants and 'children' in the age group 20-64 years to live or stay living with their master or parents. Since then the situation has changed considerably. Drawing on experience we assume that the percentage of people in the age group 20-64 years living with master or parents will linearly decrease from approximately 13 per cent in 1971 (CBS (1971) ) to zero in 1977.
The forecasting power of the model could be further improved by correcting the raw forecasts for changes in the age-specific death rates and for changes in vacancy rates. The death rates, however, do not change substantially in the Netherlands, so ignoring them will probably not affect the forecasting performance too greatly. The vacancy rates in the period 1970-1980 have also not changed very much so that they can safely be ignored in the above forecasting experiment. However, since 1980 the vacancy rate has substantially increased, due to the economic recession. For future applications of our model we therefore advocate that the raw forecasts be corrected for changes in the vacancy rate. This might be done analogously with the correction for changes in the birth rate, if sufficiently reliable forecasts of these vacancy rates are available. Another point concerns the extent to which the model contains an implicit migration component. Migration may be distinguished into housing-market induced migration and labour-market induced migration. Since our model describes the equilibrium of the (endogenous) demand for housing of the public and the (exogenous) supply of housing determined by the municipal authorities, we feel that housing-market induced migration is fairly well covered by the model. The growth of the city of Huizen is mainly due to housing-market induced migration, as Huizen lies within commuting distance of Amsterdam. The same applies to the other medium-sized cities (i.e. Hoorn, Almere, Lelystad) to which the model has been applied. On the other hand, labour-market induced migration is obviously not covered by the model, as none of the explanatory variables is directly related to regional or urban economic factors. If sufficient data are available the model can be augmented with such economic variables in order to capture labourmarket induced migration, but this is beyond the scope of the present study. 
Appendix

Specification testing
The reduced form model (3) consists of linear regression equations. In order that these linear equations represent the mathematical expectations of the dependent variables conditional on the explanatory variables, they should satisfy the usual regression assumption that the expectation of the error term v~ conditional on the vector x of regressors equals zero with probability 1, i.e.
Ho: E(vilx)= 0 a.s. for i= 1, 2, ..., 6 and all observations. In Bierens (1982) two consistent tests have been proposed for testing the above hypothesis. In the research under review we have applied one of these tests, i.e. test 1, to each of the six equations. In particular we have applied the same procedure as in the numerical example in Section 9 of Bierens (1982) . The statistic of model specification test 1 is a random variable rh(e), say, depending on a test parameter 0 < e < oo, satisfying limsup P(rfl(e) ~<ct)~<ct for any e>~0 n ---* oo hypothesis is false where n is the number of observations. Thus conducting the test at, say, the five per cent significance level we do not reject the null if for given e > 0, rh(e) > 0.05, and we reject the null if not. In table A 1 we present the values of this test-statistic rh(e)-for e= 1, 2, 3, 4 and 5-for each of the six equations. Clearly these results show that there is no evidence that the linear specification is false.
Estimation
The usual method for estimating linear relationships is the Ordinary Least Squares ( Under suitable regularity conditions we have Thus ff(~) is the efficient robust M-estimator of ft.
All the six equations of our model have been estimated by using OLS as well as the above robust M-estimation method. From table A2 below we see that in all cases the robust M-estimation method performs better, for ~(~) is always smaller than b 2. Only for equation 6, the equation concerning the elderly, the difference between h(~) and b 2 is very small, so that for this equation the OLS estimator is 
